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A STULY OF KIRINUM COVsit FOR BOND IN 


THüiheSiELL PRECAST CONCRETE 


SYROFOLS 


The purpose of the testa reported herein was to experi- 
mentally confirm the development of bond in thin-shell precast 
concrete. 

Both pull-out and bean=type specimens were tested. Cover 
vas the principal veriable but ber types end diemeters were also 
varied, 

Pull-out tests indicated an increased developed bond 
with thicker covers and bond intensities of the magnitude of the 
American Conorete Institute working velues. The beam tests indicated 
developed bond intensities of from three to five times the Code 


working values. 





INTRODUCTION 


The tests of the speoimens reported herein constitute the 
second phase of an investigation of minimam bar spacing and protective 
cover in precast thín-shell oonorete members. At the instigetion of 
Mrs A. Amirikian, Chief of the Design Section of the Bureau of Yards 
and Docks, the firet phase, consisting of tests on three bar pull-out 
specimens was done by Jubb, Loeffler, and Collins at Rensselaer 
Polyteohnio Institute in 1946. 

Numerous studies on bond have been made in recent years. 
These studies have produced a variety of conolusions; but each has 
produced new ideas on the theories and variables involved. 

With the increasing use of thineshell precast sections in 
many types of framing, oonflicts arose between the present ACI and 
other building codes and the techniques peculiar to thineshell concrete 
construction. Mr. Amirikien, in a recent paper presented to the ACI, 
stated in part, "The limitetions of minimum bar spacing presently 
specified in ACI and other building codes when applied to precast 
concrete elements result in sections moh lerger than design and 
construction considerations would normally require. Unlike convene 
tional work, where the use of Some excess material in «a framing does 
not appreciably effect its cost, any added weight or section in a 
precast framing is reflected in the form of an almost proportionate 
increase in cost. In some projects suoh additions may not only 
cause waste of materials but also may render them unprofitable undere 
takingse Obviously, the new technique of construction can ill-afford 
to carry such a needless burien during its critical period of 


development," 
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He also stated that, "It is frankly admitted that in the 
preperation of the ACI code no thought was given to the special 
conditions which now prevail in modern precast concrete construction. 
It is also true that there was no intention on the part of the oom- 
pilers of the code that it should serve ag a guide in all types of 
work. The new technique differs in many respects from the old.” 
Therefore, in an effort to eliminate these differences in techniques 
and specifications, Mr. Amirikian has suggested, in part, that in 
setting up new specifications for thin-shell precast concrete con» 
struction; (a) ....."Reinforcing of slabs and secondary reinforcing 
in beams, girders, and oolumns shal). be protected with conorete equal 
in thiokmess to one and one-half times the maximum size of the coarse 
aggregate, but in no case shall the thickness of covering be less 
than 3/8 inch." And (b) ....."The minimum olear distance between 
parallel bars shall be one and one-half times the mximm size of 
the coarse aggregate.” es... And to omit the one inoh minimm spacing 
and cover requirement. 

Jubb, Loeffler, and Collins invostigeted three-bar specimens 
varying bar size, aggregate, embedment, bar spacing, and cover. 

Their principal conolusions were: (1) bond resistence is proportional 
to cover &nd spaoing for & given bar, and (2) bond stress is inversely 
relatod to bar diameter. Practically ell of their specimens failed 
in tension, apparently due to a wedging action of the ber, rather 

then failing in bond. While their values for ultimte bond intensity 
compared favorably with the working values set forth in the ACI code, 
they did not provide a great enough safety factor to convincingly 


confirm the proposed changes in the code. 
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In continuing the investigation, the authors proposed to 
design and test two-ber specimens with a light trues between bers. 
Bar diameter, type bar, spacing, and cover were to be varied. The 
light truss was employed at the suggestion of Mr. Amirikian in an 
effort to eliminate tensile failures and to simlete diagonal reine 
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OUTLINE OF PROPOSED TESTS 


IN SPECIMENG: 
Clear Bar Specing and Cover 
Ae 5/8" (1.5 x max. size eggregete) 
Be 1/2" (2.0 x max. size aggregate) 
C. 5/6" (2.5 x max. size aggregate) 
Ber 8 
A. Plain 
Be Deformed 
Bar Diameter 
A. 3/4" 
B. 1" 
Aggregate Size z 1/4" meximum, 
Embedment g 18", 
Cover and ber spacing equales 
All specimens of two bars with a web truss. 
All specimens poured horizontally. 
Three specimens of eeoh type caste 


TOTAL NUMBER OF SPECIMENS e 36 





DESCRIPTION OF MATERIALS USED 


SAND 
The fine aggregate used throughout this investigstion was 
a Long Island sand known locally as "Cow Ray" sand with a loose 


volume weight of 80-1b/oubio foot and an averace moisture content 


of 2% 


TABLE 1 


SIEVE ANALYSIS OF SAND 


U.S. Std. Peroentage Fassing 
Sleve No. by Weight 

4 100.00 

10 91.80 

20 34.10 

50 9.24 

40 1.40 

CONCRETE 


Le High Hi-Early end/or Atlas Hi-Early Portland cement 
which met all current ASTM standard specifications for type III cement 


were used for all castings. See Table 4 for all pour data. 





COARSE AGG REGATE 
The coarse aggregate employed was a local crushed lime- 
stone of a loose volume weight of 90-lb/cubio foot and an average 


moisture oontent of 0.4%. 


TABLE 2 


SIEVE ANALYSIS OF COARSE AGGREGATE 


UeSe Stde Percentage Passing 
Sieve Noe by Veight 
1/4" 100.00 
à 66.02 
10 2.99 
20 0.29 


REINFORCING BARS 
Deformed bars were of the "Twin-twist" and "Bamboo" pattern 
of 5/4" and 1" nominal diameters. Plein bers were of 8/4" and 1" 
eold rolled stock. All bers had the normal amount of mill scale and 
little or no rust. The yield point and thé ultimate strength were 


determined in the 100,000-1b. cepacity Southwark-Emery testing 





machine. 
TABLE 5 
PHYSICAL PROPERTIES OF BARS 

Nominal Area Yield Pt. ültimete St. 
Ber Diam, Type in.2 psi psi 
s/4"g D(T-t) 0.442 45300 83900 
5/4" gf D(B) 0.449 47500 74400 
3/4" jf PL 0.458 41Ε00 65000 

1"g D(B) 0.786 41500 69400 

1"# РІ, 0.885 51700 49800 





POUR HOs VOLUME RATIO 


1 


1:1-1/2:1-5/4 
1:1-1/2:1-5/4 
1:1-1/211-1/2 
151-1/2:1-1/2 
1:1-1/211-1/2 
111-1/211-1/2 


1:1-1/2:1-1/2 


TABLE NO. 4 
POUR LATA 
WEIGHT RATIO προ 
1:1.6:2.1 6.8 
1:1.6:2.1 5.6 
111611 «8 6.5 
11319611 8 5.6 
1119611 «8 5.8 
1:1.6:1•8 6.8 
1119611 98 6.8 


UIT .COMP.ET. 


5505 


4000 


5950 


4997 


4900 


4420 


5000 


LAYS 
CURED 


7 


12 


NOTE: (1) Zero slump in all pours except #1 which had 


a slump of 3". 


(2) A11 test oylinders and specimens were cured 


in moist send for the number of deys specified 


in the last column. 


(3) Computetions were based on the 


values: 


(a) Sand . . - « « 


(b) Coarse Aggregate 


(e) Cement ..... 


(a) Z w 


following average 


oisture in Sand 


80 PCF 
90 PCF 


75 PCF 


2.0% 


(e) % Moisture in Aggregate 0.4% 








PREPARATIONS OF SPECIMENE РОК TESTING 


After cutting the steel reinforcing bars to 39" lengths, 
two like bars were placed in a jig and four 1/4" square cross-pieoes 
were aro welded onto the main reinforoing bars. These were placed 
at regular intervals over the 18" imbedment ares with oere being teken 
to have more then the tested cover at the ends of the specimen. They 
were placed at a 45° angle so as to forma light truss and to simlate 
diagonal reinforcing. 

A wood end form and a 1" bearing plate with proper size 
holes and spacing were slipped over the free end of the main bers and 
then two 3" x 3/4" round lugs were arc welded to each min reinforcing 
bar at the loeded end and projecting perpendicular to the plane of 
the reinforcing bars. A cross-piece was then weldod between lugs on 
opposite bars for greater rigidity end to prevent any tendency of the 
loeded ends to move with respect to each other during testing. All 
welding was done in the Welding Laboratory of Rensselaer Polytechnic 
Institute. 

The bars were then ready for the casting of the svecimens. 
All castings were made at the U.S. Naval Supply Depot, Scotia, New York. 
The wooden forms (see photographs) were oiled and properly spaced. 

The concrete was hand mixed in various proportions as shown in the 
table of data on the mixes. The concrete wes poured horizontally in 
layers and rodded. 

The forms were removed after one or two days and the speci- 
mene were then cured in moist sand as shown in the table with the data 


for the mixes. 
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Two test cylinders were poured st the time of each mix 
and oured in exactly the same way as wore the specimens of that mix. 
The cylindors and the pull-out specimens were tested at the same 
time. 

The bearing end of the ooncrete was capped for the four 
one-bar specimens but because the formwork left a smooth surface 
perpendicular to the axis of the reinforcing bars, no two-bar speci- 
mens required capping. 

The specimens were then taken to the Strength of Materials 
Laboratory at Rensselaer Polytechnic Institute, placed in the testing 


apparatus, and pulled to feilure. 
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FICURE $1 


Typice] steel aseembly for a 1" ἀθΓοστιθὰ bar, 5/0" spacing and 
cover specimen, Note web truss, bearing plete, and luge. ‘nd 


piece is wooden form used in casting. 
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FIGURE #2 


Typical form assembly prior to casting pulleout specimens. 
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FIGURE y $ 


Completed pull-out specimen ready for testing. Note the tie 


welded across the lugs» 
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DESCRIPTION OF TESTING AFTARATUS 


TSSTINO YOKESS 

The same testing yokes were usod as were designed ond eme- 
ployed by J.W. Collins, G.F. Jubb, and H.H. Loeffler, Jr., in their 
"Study of Minimum Bar Spacing for Bond in Thin-Shell Precast Concrete" 
(5 bar specimens) in the spring of 1948. This apperatus oonsists of 
two rectangular yokes similar in detsil except thet the vertical 
mombers of the upper yoke are longer (enough to test a specimon with 
& 24" embedment) than those of the lower yoke. All cross-pieces were 
of two 1" x 5" x 1!-6" cold rolled steel separated by the vertical 
members and & 1/4" spacer. The vertioal members were two 5/8" x 4" 
barse Fach joint was pin oonnected with a 1-1/2" bolt. Fach yoke was 
secured to its respective crosshead on the testing machine by a 
2-1/2" x 1'-6" bolt, whose shank was machined on two sides to a thick- 
ness of 1-7/16" to pormit the bolt to fit between the bars of the yoke 
oross=pieces, 

The design loed for the yokes was 100,000 lb. The design 


deflection for the cross-pieoes was a practical minimn. 


BEARING PLATES 
The same bearing plates es designed by Jubb, Loeffler, and 
Collins were used in addition to several others of the rame type 
which were fabricated for this investigation. These plates are 1" x 3" 
stock and are used to transmit the loed from the lower cross-pioces 


of the upper yoke to the specimen. 
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Pull-out speoimen 
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plaoed in testing rig prior to testing. 
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DESCRIPTION OF TLLETING PROCEDURE 


Considerable difficulty was experionced in leveling up the 
testing yokes in the machine. However, by (1) shimning the plate 
which supports the upper oross-pieoe of the upper yoke, (2) msking 
sure the cross-pieces and vertical members were in the correct pairs, 
and (3) letting the upper cross-piece of the upper yoke hang free 
enough so that it was not bound by the upper orosshead of the testing 
machine, the yokes were level and produced no ascertainable ecoentricity 
in loading. 

The specimens, in the testing apperatus, were supported by 
a bearing plate which in turn was supported by the lower oross-piece 
of the upper yoke, 

The load was transmitted to the specimen bars at the lower 
end from the upper cross-piece of the lower yoke through tke bolt 
columns to the welded 3" lugs and thence to the min reinforcing 
bars o 

The bolt columns consisted of four 5/8" x 1-1/4" tap sorews, 
the head of each sorew bearing on the welded lug and the nut bearing 
on the lower face of the upper cross-piece of the lower yoke. To have 
these bolt columns take the lord, minimum clearence wes used and all 
nuts wore teken up finger tight. The first 1000 lb. of load was 
usually applied by hand. 

The load was applied at approximately 5000 1b/min. using a 


100,000 1b. capacity fluid support Southwark-Emery testing machine. 
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FIGURE #6 


Pulleout specimen after loading showing a typical compression 


failure. Note cone at compression face near tne bearing plate. 
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FIGURE #7 


Pulleout specimen after loading showing typical pronounced vertical 


cracks between bars. (tensile fnilure). 
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FIGURE #8 


Pulleout specimens after loading showing typical verticel cracks 


in the plene of the reinforcing bars. (tensile failure). 
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TABLE 10. г, 


REPREXLENTA TIVE RESULTS OF TVO-HAR SPECIMENS CCMIAhS. TO TSKEESBAR 


SPECIKEKS (JUBB, LOBFFLER, COLLINS)y SAME COVER, ЕКВЕОМЕКТ, ЕТС. 

















ΒΑΝ SPAC.& ТҮРЕ BORD INTENSITY RATIO TO fe 
DIAM. COVER BAR ZBER S BER 2 BKK 5 ВАВ 
5/4 1⁄2 PL 232.8 141.5 00543 .0283 
3/4 3/8 D 196.0 114.0 „0452 „0284 
5/4 1⁄2 D 185.5 177.0 «0406 «0440 
3/4 5/8 D 286.5 225.0 „0522 „0452 
1 5/8 РЇ, 122.7 66.6 „0224 „0155 
1 1/2 PL 151.1 121.0 .0282 .0242 
1 5/8 PL 225.5 161.0 .0431 „0522 
1 5/6 р 175.8 65.0 «0559 «0219 
1 1/2 D 329.0 146.0 „0675 0265 
1 5/8 D 571.5 212.0 «0842 «0558 


NOTE: TWO-BAR SPECIMEN VALUES ARE AVERAGES OF SEVERAL LIKE 
SPECIMENS TESTED 


THREE&EBAR SPLCILER VALUES ARs FOR THE ONLY COMPARATIVE 
SPECIMEN TESTED 
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DISCUSSION OF PULL=OUT TOETS 


Á total of 34 pull-out type specimens were cast and tested 
to failure. Of these, 27 were e part of the original schedule of 
56 specimens, 5 were pilot specimens, end 4 were of a special type to 
be discussed later. 

In general, failures were of the same types experienced by 
Jubb, Loeffler, and Collins. The most typical failure was by vertical 
tensile cracks in the plane of the bers, the presence of the web truss 
notwithstencdinge (Figs. 7 and 8), Compressive feilures of the 
bearing faoe were observed to sone degree in many apecimens 88 
evidenced by spalling or a cone shaped wedge between the bers. (Figo 6). 
Buckling wes apparent in some specimens, probebly resulting from 
secondery failures. Specimens which developed relatively high bond 
values failed explosively. (See results on specimens #31, 32, δά, 
and 36). 

With respect to failures, it is noted thet in some cases 
specimen dimensions limited the ultimate load to that of e compressive 
failure developing before the desired bond intensity could be realized. 
Nevertheless, failures, in general, occurred considerably before the 
ultimate compressive strength of the ooncrete ves developed. 

Bond as originally and strictly oonceived was a phenomena 
of adhesion and friction. The ooncept has been enlarged to include 
deforming and special anchorage of the bars which, properly spesking, 
are processes of physically looking the reinforcing steel into the 
concrete mass. In an effort to obtain an indication of exactly whet 
parts were played by friction and adhesion and by mechanical] inter- 


locking, four single bar specimens with 1/2" cover were fabricated. 
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The 1" deformed reinforcing bars were wire brushed to a uniform 
surface condition. Two bara wero then oiled on the embedment surface 
to destroy adhesion anc reduce friction. The other two bars were 

cast as brushed. It was expected thet the oiled specimens would 
develop bond intensitios lower by approximately the amount of adhesion 
and friction than the unotled specimens. However, there was no suoh 
indication. Apparently the effect of pure bond is lost in the mach 
higher epperent bond developed by the bar projections. 

The results of the pull-out tests were disappointing. The 
use of the web truss had no apprecieble effect in reducing the tensile 
failurese The anticipated increase in bond intensity over those 
values obtained by Jubb, Loeffler, and Collins was not nearly as high 
as hoped. (See Table 6). For plain bars and for any strength of 
conorete, the ACI Code gives an allowable bond stress of 0.04f/ but 
not to exceed 160 psi. For plain bers in this investigation the re- 
sults varied from epproximately 0.039f! (170 psi) for 3/4" bars with 
3/6" cover and spacing to 0.0436f3 (226 psi) for 1" bars with 5/6" 
cover and spacings For deformed bars end for any strength of concrete, 
the ACI Code gives an allowable bond stress of 0.05f, but not to exceed 
200 рві, The deformed bars of this inwostigation showed results тагу» 
ing approximately from 0.0436f! (200 psi) for 3/4" bars with 3/8" 
cover and spacing to O.0842f3 (372 psi) for 1" bars with 5/8" cover 
and spacing. (See Tables 5 and 6 for exact end complete results). 
There was little ovidenoe to substantiate the contention that code 
bond intensities could be used in thin-shell design with the minimum 


or very near minimum cover and spacing as utilized in this investigation. 
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There was a definite pattern of increased bond intensitios 
as cover increased, confirming the findings on the three~bar specimens, 
and further dampening hopes that bond could be developed with thin 
covers. (See Figs. 9, 10, 11, and 12). 

The effect of increased bar size on bond intensities wes 
inconolusive. The resulte of the deformed bar anelysis on this phase 
of the investigation are to be viewed with ceution since the 3/4" and 
1" bars were of different patterns. (Figs. 13 and 14). 

If one definite final conclusion cer. be drewn from this ine 
vestigation, it is that conventional pull-out tests ere not the answer 
for thineshell investigations. First, if bord intensities of satise 
factorily high values were to be developed, the compression face would 
be loaded past the ultimate compressive stress. Second, the test prism 
assumes & long thin shape and is susceptible to column action. Any 
slight deviation from the perpendicular produces ecoentric loadings, 
and localized failures. Third, the specimen because of its smal) size 
cannot be considered homogeneous. The averaging effeot of a large 
concrete maes is lost, and looslized failures instead of rerulting in 
load distribution to the surrounding concrete, rosult in total failures. 
The small size of specimen also caused difficulties in pouring, the 
weight of concrete involved in a specimen being so slírht as to require 
hand rodding of virtually every particle. Finally, the test is une 
realistic from the standpoint of stresses. The concrete is in оош» 
pression and the steel in tension in the pull-out tests whereas in the 
actual structurel member, the stresses in both are of the same nature. 

The 27 specimens previously mentioned covered the range of 


variables decided upon in the original schedule of tests, and, when 
























—————————Prá— 
σποτ чө} τα m m D 

es sis humm so as im E pd mma E 

D καρ AD E D μπα] A 

ou mat mm) LLL — — 

— κ. μι. Ώου. 





me Cee wt cee не о mm ss e © t.. omimni mmi 


p 


La 





al ЕД пат sc ГЕ ae 

— eds ly — a oc mic s e adam w. 
—— cc ЈЕ d cm d inn d mnt imeem Рт“ 
ru ls ir... uu hà F d 
sian сг — ir. ο) {σεν ο 
rn ae νε rtm nmm mo! be ⸗ææ 
pi wiin с dm o m οὐ py td ai aint 
lami (ya w 
sels /l MET w co. ПО «πόσο " 
Ta AV IST C IMP о о о 

“ UM ED A MLAIML „= 


ο A ο. ον oci cad ami om O 








LLL MM IILAOGIUM — AM IR l. LJ 


wA σαι... s o ——— ο «1 hm] mem YO , 


A w wu ایی اہ ن‎ pe Drs le 
N EM SE Πω. 
-— ^| c tm eme dom wt d mmy do Dmm m ње 
techn =e eat te ce Ghee 101 Do 
e qa س‎ (ry A. sí. iW O. Y) ‘U 
ا ب‎ c دا‎ i mm amd adeo alll 44 c) WA Ia 





55 


it became evident that the results were to bo essentíelly negative, 
it wes conoluded that further tests of this nature would be of no 
practical value. 

The results reduced to two elternetive conclusions. Either 
the tests were right and the required bond could not be attained or 
the tosts were in error and some defect in the testing procedure pre- 
vented development of the desired bond value. As previously stated, 
the testing procedure was viewed with inoroesing suspicion as the 
tests progressed. 

With the approval of Admiral Combs, it was decided that e 
substantiating investigation utilizing beam type specimens would be 
undertaken in lieu of completing the schedule of pulleout tosts. It 
was hoped that, by this means, the value of the pull-out results could 
be definitely established. 


The following section will deal with the beam tests. 


wi 













— 


— ----- — —— 
a ο ο m 











—————— 
pm 
-= s móc ЕГ. 





sat hms ip 
e — — el he бр а à 
bo a mn ый Мр Δα A) ma 
Om A AD μπι um m GP € ont * 





|| 








EI 


56 


TEST OF BEAX-.TYPE SPECIMEPS 


Design: 


The specimens were designed in eccordence with current 
specifications of the American Concrete Institute with two exceptions. 
First, working values for stoel stresses wers taken as $5000 psi, 
twice the working velues prescribed by the Amarican Institute of 
Steel Construction. This was done te avoid the use of two reinforcing 
bars throughout &nd & resultant decrease in bond intensity. The 
36000 psi figure was well below the yield stress for the 3/4" deformed 
bars employed =- 47500 psi. Second, the design bond stress was .l5fj, 
three times the permissible bond intensity allowed by the ACI, The 
latter was done to make the specimen particularly liable to failure 


in bond. 
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DESIGN FOR THINeSHELL TEST BEAM USING 3/4” DEFORMED 


RELRFORCIMG STEEL 


Design Stresses -~ A.Cele Code 
fo = «462. 


т «0665 (web reinforeed, no special anchorage) 


f, = «2840 
The bean is designed to develop a bond intensity of ч z ο]δ46 


three times the value permitted by the A.C.I. Code. The design is 


based upon the following assunptions; 


fg z 4000 psi 
j£. әм 
K = 360 
а - 10" 
L = 56" 





bond intensity 


V z υ σρύἆ 
а (600) (2.356) (.86) (10) = 12000 lbs 


Req uired Aree to rosiat Chear 


va 240 рај 
y V 12000 2 
bja vj (240) (65) 


Use & 6" x 10" section 


Stirrup Design 
Y' $ 240 - 8C & 160 psi 


5 g 16" 


boe 6" 
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DESIGN FOR TEST BEAM (CONT,) 


Stirrup Design (Cont.) 


f, 2 18000 psi 

га = 14000 рві 

x - 459 

B = 1.41 
Mex: 3 2 1.0 (Table) 


d 


Мехітит Spacing # 10" 


Try 1/2'Y stirrups 


1 , (Mex. v')(b) = (160)(6) __ 
хех. = (BIA, NE) (1.41)(18000)(.20) 


H t 65(2 Max) = 


Besring Plates 
End Areas 


12000 
1000 


= 12 іл? 


Use 1-1/2" x 8" Plate 
Center Area 


24000 


= 24 in^ 
1000 


Use 6" x 4" plate 


Check for Moments 


Developed Moment = 14(12000) = 168000 ip 


Max. Comp. Moment = къа? 


(360)(6)(10)2 а 210000 
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` 190 


9( .880) = 3.42 or 7€e 5" 


ip 





e i 24 


ann. jdn 





1 Bar 


2 Вагв 


(56)(10)(6)(150) «= 





DESIGN FOR TEST BRAM (CONT.) 





M = A,f,jd 2 (.44)(36000)(.65)(10) 
= 184600 ip 


M = 269200 ip 





> 187.5 1b 
1728 
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FIGURE #17 


Steel assembly for a beam test specimen. 
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TEST OF BEAM=TYPE SPERCIMENS (Conte) 
Fabrications 

In the construction of the beams, the diagonal steel was 
tack welded to the main tensile ateel (Fig. 17). These welds were 
purposely made weak so as to berely withstand handling. This pro- 
cedure was taken to minimize the interference of the diagonal steel 
with the tensile steel. 

The completed steel assembly wes bedded in the forms (Fig. 18) 
on @ previously pleced layer of concrete. Succeeding layers of con- 
crete were placed end hend rodded until the pour was complete. The 
forms were'stripped the next day and the beams were cured for six days 


in moist sande 


Testing: 
The first step in the testing procedure wes the cepping 


of all compression faces with plester of Peris. After the caps had 

set, the beam wes placed in the Southwark=-Emery testing machine (Figo 19). 
The end bearing plates were mounted on knife edges, free to rotate 

about an axis parallel to that of the beam. The center bearing plate 

wes loaded through e spherical bearing block. This minimized the 
possibility of eccentric leadings. Federal dial gages (0.001") were 
mounted bearing on the exposed ends of the reinforcing steel to 

measure slip between the steel and the mss of the concrete. The 


beams were then loaded to failure. 
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FIGURE #18 


Formwork for beam test specimens. 


form ready for casting. 


Hote steel pleced in left hand 
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FIGURE SY 
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BEAM SPECIMEN, READY FOR TEST 
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TESTS FOR BRAMeTYPE SPECIMENS (Cont.) 


Results and Discussion: 

While the results of such a smell mamber of specimens are 
not necessarily conclusive, the dete obtained in these tests was very 
encourafinge The bond intensities, obtained from the conventional de- 
sign formule, varied fron 091054: to 0.274f; (fable 7). The only 
beam to exhibit typical bond failure, i.e. splitting in the plane of 
the bar, was the 1/2" cover specimen and this bond failure did not 
develop until virtuelly the ultimate load (0.262f)). There was no 
evidence of a bond failure in the 5/8" specimen (0.274f3). Finally, 
the 5/8" specimen, with the exception of a localized compression 
failure on en end bearing area, was perfectly sound efter loading. 
The one hair-line crack which opened during loading could not be seen 
after removal of the load (0.204f1). 

Beem tests appear to be a better approach to the determina- 
tion of bond in thin-shell sections because of the elimination of many 
of the disadvantages of pull-out tests. (See "Discussion of Pull-0ut 
Tests"). 

(1) The specimen oan be designed for adequate bearing 

area to take load required for development of high 

bond intensities. 
(2) Colum action is eliminated. 
(5) While the problem of loonlized failure is still present 

in the thin cover, the large mass of concrete in the 

compression area of the beam aids in compaction around 


the ber. 
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(4) The beams are flexural mombers as are the precest 


thineshell sections used in actual prectice. 


These beam tests should be considered as a reconnaissance 
end, es such, are promisinge The development of the desired bond ine 
tensities seems possible. However, considerable substantiating work 
with beem-type tests remains to be done before definite conclusions 
сап be drawn. With an eye to such future work, the design, fabrication, 
anc testing of the beams have been reported in somewhet greater detsil 


than would otherwise be required. 
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CGr CLUSIQKS 


lo. Within the limits of the pull-out tests, bond resistance for a 
given ber size is directly rgylated to the thickness of the 


surrounding cover. 


2. Pull-out tests do not eppeer to satisfy the requirements for 


bond teets in thin-zhell specimens. 


5. Within the nsrrow limits of the beam tests reported herein, the 
development of sufficiently high bond intensities to assure an 


adequate safety factor with thin covers seems possible. 
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TOPICS FOR FURTHER INVESTIGATION WITI RESPECT TO BORD 


IN THIN-SFELL PREGAST CONCRETE 


The determination of the effect of cover on bond by a oomprehensive 
series of beam tests. This would require a beem design asauring 


a bond failure. 


The possibility of increasing bond by bar treatment with & sube 
stance adhesive to steel and which will form an intimate mixture 


with the concrete adjacent to the bare 


An analysis of the load distribution on a reinforcing ber, using 
a section of steel tubing, with and without lugs, end fitted on 
the inside with resistence wire strain gages to determine the 


transfer of load from concrete to stoel. 
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